the fever in such cases is very essential for rapid and effective patient management.
New Delhi, the capital of India, reported a re-emergence of dengue and chikungunya fever-like illnesses in August to October 2016 [8] . Torrential rains, high temperatures, rampant construction, and inadequate drainage facilities provided favourable conditions for the proliferation of mosquitoes in Delhi during 2016. This report from New Delhi, India, describes a rare paediatric case of mixed infection caused by Plasmodium , DENV, and CHIKV during the monsoon season of 2016.
Case Report
A 3-year-old male child living in Jamia Nagar, New Delhi, India, attended the Paediatric Out-Patient Department (OPD) of the Dr. M.A. Ansari Health Centre at the nearby Jamia Millia Islamia campus on the 24th August 2016. This primary health care centre provides basic medical facilities to around 70,000 patients, consisting of students and employees at the University and their dependants. The Health Centre has a full time paediatrician. Usually, patients with mild fever or other mild clinical symptoms visit the Health Centre as it is a small facility available on campus; more severe patients visit the tertiary hospital situated in the adjoining neighborhood.
The clinical history of the patient included a high-grade fever (40 ° C) for the last 5-7 days, along with other symptoms including chills, uneasiness, body pain, and headache. The patient also showed excessive weakness, abdominal discomfort, and a pale facial appearance. He had no rashes or haemorrhagic tendencies during the OPD visit and there had been no other infections in any of his family member in the last week. An acute-phase blood sample was collected from the patient for the laboratory investigation as advised by the on-duty paediatrician. This sample was collected during an ongoing investigation involving the characterization of the dengue and chikungunya viruses in our laboratory. The investigation was approved by the Institutional Ethics Committee of Jamia Millia Islamia. Written informed consent was obtained from the parents of the patient in English and Hindi.
The initial laboratory investigations included a haemogram, malaria antigen testing, a peripheral smear for malaria parasites, and IgM ELISA for the detection of dengue and chikungunya viruses. The blood investigation report showed low blood indices ( Table 1 ). The peripheral blood smear revealed microcytic hypochoromic anaemia and positive for the haemoparasite P. vivax at the schizont stage. The blood smear was repeated to rule out any possibility of a mixed parasite infection with P. falciparum , but it showed only P. vivax . The presence of P. vivax was later confirmed by antigen detection kit. The serum sample was negative for dengue and chikungunya IgM antibodies by ELISA. The reports of the all the abovementioned laboratory investigations were provided to the patient on the same day, and he was diagnosed as having malaria on the basis of the initial clinical symptoms and laboratory investigations. He was prescribed symptomatic treatment with the recommended paediatric dose of chloroquine along with paracetamol and an antacid at the Health Centre. He was not sick enough for hospitalization. We tried to contact the parents of the patient for follow-up, but they were not available. Later on, we were informed that the patient went back to his home town with his parents, and so the follow-up and treatment outcome were not recorded.
Within the next 4 days, the sample was tested for DENV and CHIKV by RT-PCR at the virology laboratory. The sample was collected during the monsoon period of 2016, which coincided with a large number of reported DENV/CHIKV cases in Delhi [8] .
RT-PCR was performed on the serum sample collected from the patient using published primers [9, 10] utilizing the conditions that have been standardized in our laboratory [11] . The sample was found to be positive for both the viruses by RT-PCR. The PCR reactions were carried out with appropriate positive and negative controls to exclude contamination or false-positive findings. The 292-bp amplicon specific for the DENV serotype 3 (DENV-3) CprM region and the 852-bp amplicon specific for the CHIKV envelope gene were obtained from the sample ( Fig. 1 ) . The presence of both viruses was confirmed by performing RT-PCR using 2 independent RNA extraction procedures. However, the CHIKV strain could not be sequenced due to the limited volume of the clinical sample. The presence of the DENV strain was further confirmed by commercial DNA sequencing of the partial CprM region (GenBank accession No. KY099620). The DENV sequence was confirmed by the BLAST algorithm and was edited manually in GeneDoc v2.7 and BioEdit v7.2.5 software. The study sequence and the GenBank sequence of DENV-3 were aligned, and phylogenetic trees were constructed in MEGA v6.0 using the maximum likelihood method ( Fig. 2 ) . Phylogenetic analysis clustered the study DENV-3 sequence (292-bp) within the genotype III, close to the sequences from India, Cuba, Martinique, and Paraguay. 
Discussion
This investigation describes the rare case of a paediatric patient who showed concurrent infection with DENV, CHIKV, and P. vivax . This report is from Jamia Millia Islamia, situated adjacent to bank of the Yamuna River in the south-eastern part of New Delhi, India. This region has high humidity, high temperatures, and a dense population, and along with poor sanitation, these conditions are conducive to mosquito proliferation. All these arthropod-mediated infections are transmitted by mosquitoes. Appropriate precautions should be taken to prevent the transmission of these infections. Prevention of mosquito breeding in stagnant water during the monsoon season and the use of mosquito nets, repellent creams, and insecticidal sprays have been proven to be effective in controlling the mosquito population, especially during epidemics. Furthermore, generating awareness about different aspects of the infections and their transmission will also contribute towards better management of these diseases.
Several investigations have reported concurrent infections with DENV and CHIKV in different geographical regions including India [1, [11] [12] [13] [14] . Previous studies have described dual infections of Plasmodium and other arboviruses including DENV or CHIKV [2] [3] [4] . But co-infections with 3 different pathogens are rarely reported in the literature. In a recent report from Bengaluru, India, a triple infection with CHIKV, DENV, and malaria was described in a traveller in 2015 [7] . However, to the best of our knowledge, this is the first case report of such triple infection in New Delhi, India, in 2016.
Mixed infections causing more than one mosquitoborne illness like malaria and dengue and chikungunya fevers pose a challenge for the accurate diagnosis of the aetiological agents due to overlapping clinical symptoms. These 3 arthropod-mediated infections have common symptoms including fever, rashes, headache, nausea, vomiting, abdominal pain, myalgia, and arthralgia. It is therefore difficult to differentiate these 3 infections on the basis of the clinical condition alone. A previous study showed that fever may be prolonged in cases of concurrent infections [15] . Thus, laboratory diagnosis along with the clinical symptoms might assist the clinicians in making an accurate diagnosis. Such concurrent infections may further complicate management, especially in paediatric patients. It has been previously shown that a dengue and malaria co-infection requires special attention because a delayed diagnosis and inappropriate treatment can result in fatal complications [16, 17] or an aggravated host immune response [18] . In some patients, concurrent infections are more severe than mono-infections [15, 18] ; others show no difference between co-infections and isolated infections [19] . Thus, an appropriate, differential, and timely diagnosis of pathogens and the correlation with disease severity of mono-versus coinfections are important for effective patient management. While the consequences of this study on simultaneous infection by multiple pathogens were not established, we recommend our method for future reference in the context of epidemiological investigations. Correlations of the clinical, epidemiological, immunological, and genetic basis of concurrent infections should be incorporated in future investigations. It is envisaged that working along these lines will uncover the incidence and likely molecular mechanisms of co-infection and the disease burden caused by arthropod-mediated pathogens.
